###### Significance of this study

What is already known about this subject?
=========================================

-   The diabetic condition has been associated with microvascular complications and with increased cardiovascular risk. The latter has been related to the presence of peripheral arterial disease, indicated by low ankle--brachial index (ABI), a non-invasive, inexpensive test that is recommended to screen persons with diabetes. In these persons, the ABI has also been associated with increased risk when its values are high.

What are the new findings?
==========================

-   Our study allows comparison of various categories of ABI, including low and high values, regarding the incidence of mortality, macrovascular, and microvascular complications in persons with diabetes. We found the risk of these outcomes was similar or lower in persons with high ABI compared with those in the category immediately under the pathological threshold of 0.7≤ABI\<0.9, and the risk increased notably as the ABI decreased.

How might these results change the focus of research or clinical practice?
==========================================================================

-   The ABI has not been sufficiently used in persons with diabetes mellitus. These findings emphasize the usefulness of the ABI to screen persons with diabetes, specifying their risk of mortality, and of macrovascular and microvascular complications. The binary division of persons between low ABI or not-low ABI may be insufficient to identify persons at different risks of future events. A more detailed classification could personalize the intensity of preventive recommendations and treatments according to different risk categories.

INTRODUCTION {#s1}
============

Diabetes is a disorder of the glucose metabolism that affects the macrovascular and microvascular systems, and thus, prevention of its associated complications is essential. The association of glycemia with microvascular damage is more established than the relation with macrovascular disease,[@R1] but the latter has also been evidenced.[@R3] Moreover, the increased cardiovascular risk in persons with diabetes is especially pronounced in persons with poor metabolic control,[@R4] longer duration of diabetes,[@R6] or low ankle--brachial index (ABI).[@R7] The ABI is considered a risk modifier to refine risk stratification,[@R8] especially in women,[@R11] and also in persons with diabetes.[@R10]

The ABI is a measurement of the arterial health status of the lower extremities relative to the upper extremities. When performed by trained health professionals, it is an inexpensive first test to evaluate the presence of asymptomatic peripheral arterial disease (PAD), indicated by ABI values of \<0.9. Most persons with PAD are asymptomatic, which is particularly concerning because their associated cardiovascular risk is as high as in symptomatic cases.[@R12] Thus, this is a silent condition associated not only with leg symptom deterioration but also with risk in other arterial territories.[@R13]

In persons with diabetes, low ABI has been associated with mortality and cardiovascular outcomes, but its relation with other complications has had limited attention. Additionally, some studies have examined the risk of both high and low ABI values, but the association of the degree of arterial impairment (obstruction or pathological constriction) with complications has been hardly addressed,[@R14] especially regarding microvascular complications. Even more, previous reports in persons with asymptomatic PAD included patients with previous cardiovascular events,[@R15] but primary prevention is of particular importance in persons with diabetes, because the occurrence of a first cardiovascular event is associated with increased morbidity and mortality in these persons, compared with the population without diabetes.[@R10] Accordingly, we sought to evaluate the association of categorized ABI with mortality, cardiovascular outcomes, and microvascular complications in patients with diabetes in primary cardiovascular prevention.

RESEARCH DESIGN AND METHODS {#s2}
===========================

Data source {#s2-1}
-----------

We analysed a subset of records from the System for the Development of Research in Primary Care (SIDIAP) database, which gathers anonymized longitudinal information of persons from the primary care services in a structured way so it can be reliably used for research. The information includes demographic data, clinical diagnoses coded using the International Classification of Diseases, 10th Revision (ICD-10), referral and hospital discharge information coded using International Classification of Diseases, Ninth Revision (ICD-9), laboratory tests, and medications (drug prescriptions and drug invoicing at any community pharmacy). SIDIAP covers 80% of the Catalan population, comprising 274 primary care practices and 1365 general practitioners (GPs) and nurses throughout Catalonia, managed by the Catalan Institute of Health. A subset of this database is restricted to information from GPs and nurses who met predefined quality standards in recording and composes SIDIAP^Q^, the database we have used for this study. SIDIAP^Q^ includes information on nearly 2 million patients and 20 million person-years for the period 2005--2015. The quality and representativeness of these data regarding geographical, age, and sex distributions have been documented,[@R17] particularly for cardiovascular risk factors and cardiovascular diseases,[@R18] and have been applied to previous epidemiological reports.[@R19]

Study design and participants {#s2-2}
-----------------------------

We carried out a retrospective cohort study including persons with ABI aged 35--85 at the time of study entry who suffered from type 2 diabetes mellitus. Diabetes was defined using either the diagnosis of diabetes (codes from E11 and E14 categories and the corresponding subdivisions in the ICD-10, and 250 and subdivisions in the ICD-9) or the treatment with drugs used in diabetes (a10 code in the Anatomical Therapeutic Chemical Classification System). Exclusion criteria applied to persons with type 1 diabetes; individuals with ABI equal or higher than 3; persons with symptomatic PAD, defined as follows: (1) any symptom of intermittent claudication in the attending physician's notes, detected by thorough review of the uncoded information in SIDIAP^Q^; (2) an ABI of \<0.4, even in the absence of any suggestive symptom; (3) an invoicing of any drug related to intermittent claudication (cilostazol, pentoxifylline, buflomedil, or naftidrofuryl); and persons with previous cardiovascular disease, which included acute myocardial infarction (AMI), angina, stroke, and transient ischemic attack. These persons with previous macrovascular disease were excluded because they would be in secondary prevention of cardiovascular disease, and we aimed to assess the incidence of mortality and complications of diabetes mellitus in a population in primary prevention.

The recruitment period ran from January 2006 through December 2011. Study entry was defined by the first ABI measurement, and the follow-up extended until the first date of the occurrence of an outcome, transference out of the SIDIAP^Q^, or end of study period, in December 2015.

Exposure, outcomes, and covariates {#s2-3}
----------------------------------

ABI was measured following the standardized protocol from the primary care services.[@R22] This protocol explains that the systolic blood pressure (SBP) has to be measured in each ankle right above the malleoli and in each arm using Doppler probes. Two measurements are obtained in each ankle, one from the the *dorsalis pedis* and another one from the posterior tibial artery. The two higher values are divided by the higher of the brachial SBPs, and the lower of these defines the ABI.[@R23] ABI levels defined exposure, categorized as follows: 0.4≤ABI\<0.5, 0.5≤ABI\<0.7, 0.7≤ABI\<0.9, 0.9≤ABI\<1.1, 1.1≤ABI\<1.3, and 1.3≤ABI. We presented the ABI values in categories because previous reports showed a J shape in the relation of ABI with mortality[@R8] and hypothesized that a similar distribution might occur with other outcomes.[@R25] Instead of the subdivisions of the ABI values by ranges of 0.1, we merged some categories to ensure enough number of participants in each group. However, we used more categories than in other studies[@R26] to observe potential differences within the low ABI values.

We studied the following outcomes: mortality, macrovascular complications of diabetes, and microvascular complications. Macrovascular complications of diabetes were defined by the incidence of AMI, ischemic stroke, and major cardiovascular event (MCE), which was a composite of these two; microvascular complications were defined by incident nephropathy, retinopathy, or neuropathy. Participants who had suffered a microvascular event previous to baseline were excluded when examining that particular outcome during follow-up.

We used the following covariates to describe the population and to adjust the potential association of the ABI categories with mortality and complications of diabetes[@R27]: age, sex, smoking habit, body mass index (BMI) calculated as weight divided by squared height, SBP, diastolic blood pressure (DBP), pulse pressure, total serum cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol, triglycerides, glycated hemoglobin (HbA1c), glucose, diabetes duration, comorbidities (hypertension, atrial fibrillation, heart failure, chronic obstructive pulmonary disease, and malignant neoplasms), and medications (antidiabetic therapy, diuretics, beta-blocking agents, calcium channel blockers, agents acting on the renin--angiotensin system, other lipid modifying agents, and aspirin). Continuous variables were considered up to 1 year previous to study entry, and categorical variables were present if they were recorded in the database previous to study entry. Each outcome and covariates were defined using the corresponding ICD-10 codes from the primary care settings, and/or the ICD-9 codes from referrals and hospital discharges. All covariates and diagnoses are routinely collected following the protocols to standardize data recording.[@R29]

Statistical analysis {#s2-4}
--------------------

Continuous variables were presented as mean (SD) or as median (first and third quartiles), and categorical variables as counts (percentages). We used multiple imputation by chained equations to impute the missing values of BMI, SBP and DBP, pulse pressure, total cholesterol, LDL cholesterol and HDL cholesterol, triglycerides, HbA1c, and glucose because excluding participants with missing values may incur a selection bias.[@R30] We used the fraction of missing information to estimate the number of necessary imputations at 10, with 50 iterations per imputation.[@R31] Given the characteristics of the study population, the missing-at-random assumption was plausible.

We estimated the raw new incidence of diabetes mellitus complications in each category of ABI using Poisson models. Cox proportional hazards models were used to estimate adjusted HRs between categories of ABI. The proportionality of hazards assumption was examined.[@R32] The candidate variables for adjustment were based on the literature, and a backward--forward selection method based on Bayesian Information Criterion was used to build the final model.

All analysis were carried out using R-software[@R33] V.3.5.1 (R Foundation for Statistical Computing, Vienna, Austria); the MICE V.2.15 package was used for multiple imputation.[@R34] The datasets generated during and/or analyzed during the current study are not publicly available due to legal reasons related to data privacy protection. No applicable resources were generated or analyzed during the current study.

RESULTS {#s3}
=======

From an initial population with type 2 diabetes and an ABI measurement at the recruitment period of 51 115 persons, 48 603 were aged between 35 and 85 years old; after the exclusion criteria were applied, data regarding 34 689 persons remained for analysis ([figure 1](#F1){ref-type="fig"}). The median (first--third quartile) follow-up was 6.0 (95% CI 4.8--7.5) years, and 532 (1.5%) participants were lost to follow-up, due to transfer out of the SIDIAP^Q^ database. The maximum percentage of missing values was 27.3% for LDL cholesterol ([online supplementary table S1](#SP1){ref-type="supplementary-material"}). A detailed count of the missing values for each variable is shown in [online supplementary table S1](#SP1){ref-type="supplementary-material"}, along with the baseline characteristics of the overall population, comparing the imputed and the complete-cases dataset.
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![Study flowchart. ABI, ankle--brachial index; CVD, cardiovascular disease; PAD, peripheral arterial disease.](bmjdrc-2019-000977f01){#F1}

The mean age of the study population was 66.2 (SD 10.5) years old; 17 880 (51.5%) were men ([online supplementary table S1](#SP1){ref-type="supplementary-material"}); 5120 (14.7%) had ABI values lower than 0.9; 2225 (6.4%) had ABI values of ≥1.3 ([table 1](#T1){ref-type="table"}). The mean age, pulse pressure, diabetes duration, and the percentage of comorbidities and treatments considered tended to increase as the ABI decreased and in the group with high ABI (≥1.3) ([table 1](#T1){ref-type="table"}).

###### 

Baseline characteristics of the study population

  -------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                          0.4≤ABI\<0.5\    0.5≤ABI\<0.7\    0.7≤ABI\<0.9\    0.9≤ABI\<1.1\    1.1≤ABI\<1.3\    1.3≤ABI\<3\
                                                    n=135            n=907            n=4078           n=19 870         n=7474           n=2225
  ------------------------------------------------- ---------------- ---------------- ---------------- ---------------- ---------------- ----------------
  Age (years)                                       70.95 (9.39)     70.03 (9.81)     67.32 (10.50)    65.94 (10.53)    65.25 (10.24)    68.27 (10.13)

  Men                                               73 (54.1%)       581 (64.1%)      2155 (52.8%)     9814 (49.4%)     4005 (53.6%)     1252 (56.3%)

  Smoking habit                                     49 (36.3%)       299 (33.0%)      1104 (27.1%)     4586 (23.1%)     1567 (21.0%)     398 (17.9%)

  BMI (kg/m²)                                       29.62 (5.42)     29.76 (4.91)     30.49 (5.12)     30.37 (4.99)     30.44 (4.93)     30.39 (5.10)

  SBP (mm Hg)                                       141.23 (17.05)   140.22 (17.48)   137.83 (16.94)   135.73 (15.41)   135.90 (15.57)   135.96 (16.23)

  DBP (mm Hg)                                       73.61 (9.97)     75.37 (10.09)    76.83 (9.81)     77.16 (9.39)     77.76 (9.45)     76.56 (9.76)

  Pulse pressure (mm Hg)                            67.62 (16.27)    64.86 (16.76)    61.00 (15.46)    58.58 (14.08)    58.14 (14.09)    59.40 (14.63)

  Total cholesterol (mmol/L)                        5.05 (1.02)      5.02 (0.99)      5.10 (1.02)      5.07 (0.99)      5.05 (0.96)      4.97 (0.97)

  LDL cholesterol (mmol/L)                          2.98 (0.92)      2.95 (0.86)      2.99 (0.86)      2.97 (0.85)      2.95 (0.83)      2.89 (0.85)

  HDL cholesterol (mmol/L)                          1.32 (0.43)      1.33 (0.42)      1.36 (0.43)      1.37 (0.43)      1.36 (0.42)      1.39 (0.43)

  Triglyceride (mmol/L)                             1.77 (0.91)      1.75 (0.96)      1.77 (1.15)      1.73 (1.09)      1.72 (1.10)      1.65 (1.06)

  HbA1c (%)                                         7.35 (1.48)      7.35 (1.62)      7.28 (1.63)      7.16 (1.56)      7.15 (1.56)      7.14 (1.46)

  HbA1c (mmol/mol)                                  56.88 (16.14)    56.79 (17.75)    56.07 (17.81)    54.72 (17.05)    54.63 (17.02)    54.49 (15.95)

  Glucose (mmol/L)                                  8.25 (2.72)      8.46 (2.80)      8.50 (2.93)      8.30 (2.74)      8.33 (2.74)      8.20 (2.64)

  Diabetes duration (years)                         6.86 (5.37)      6.61 (5.98)      6.26 (6.19)      5.66 (5.56)      5.55 (5.51)      6.00 (5.80)

  Hypertension                                      97 (71.9%)       673 (74.2%)      2949 (72.3%)     13 310 (67.0%)   4962 (66.4%)     1563 (70.2%)

  Atrial fibrillation                               9 (6.7%)         61 (6.7%)        263 (6.4%)       876 (4.4%)       306 (4.1%)       158 (7.1%)

  Heart failure                                     7 (5.2%)         28 (3.1%)        140 (3.4%)       436 (2.2%)       150 (2.0%)       80 (3.6%)

  COPD                                              29 (21.5%)       151 (16.6%)      474 (11.6%)      1759 (8.9%)      546 (7.3%)       202 (9.1%)

  Malignant neoplasms                               10 (7.4%)        83 (9.2%)        328 (8.0%)       1572 (7.9%)      585 (7.8%)       165 (7.4%)

  Complications of diabetes                                                                                                              

   Nephropathy                                      19 (14.1%)       83 (9.2%)        262 (6.4%)       1068 (5.4%)      328 (4.4%)       158 (7.1%)

   Retinopathy                                      9 (6.7%)         35 (3.9%)        99 (2.4%)        357 (1.8%)       128 (1.7%)       54 (2.4%)

   Neuropathy                                       2 (1.5%)         20 (2.2%)        39 (1.0%)        139 (0.7%)       56 (0.7%)        35 (1.6%)

  Medication                                                                                                                             

   Antidiabetic therapy                             113 (83.7%)      759 (83.7%)      3301 (80.9%)     15 444 (77.7%)   5873 (78.6%)     1769 (79.5%)

   Diuretics                                        48 (35.6%)       270 (29.8%)      1085 (26.6%)     4667 (23.5%)     1650 (22.1%)     524 (23.6%)

   Beta blockers                                    16 (11.9%)       134 (14.8%)      546 (13.4%)      2483 (12.5%)     875 (11.7%)      271 (12.2%)

  Calcium channel blockers                          36 (26.7%)       220 (24.3%)      746 (18.3%)      3260 (16.4%)     1225 (16.4%)     404 (18.2%)

   Agents acting on the renin--angiotensin system   94 (69.6%)       621 (68.5%)      2549 (62.5%)     11 293 (56.8%)   4169 (55.8%)     1320 (59.3%)

   Other antihypertensives                          7 (5.2%)         65 (7.2%)        217 (5.3%)       894 (4.5%)       356 (4.8%)       109 (4.9%)

   Statins                                          79 (58.5%)       468 (51.6%)      1890 (46.3%)     8862 (44.6%)     3307 (44.2%)     912 (41.0%)

   Other lipid-lowering agent                       16 (11.9%)       69 (7.6%)        255 (6.3%)       1412 (7.1%)      460 (6.2%)       152 (6.8%)

   Aspirin                                          50 (37.0%)       366 (40.4%)      1329 (32.6%)     5333 (26.8%)     2007 (26.9%)     631 (28.4%)
  -------------------------------------------------------------------------------------------------------------------------------------------------------

Values are presented as mean (SD) or n (%).

ABI, ankle--brachial index; BMI, body mass index; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; n, number of participants; SBP, systolic blood pressure.

A general trend was observed in the incidences by ABI of all outcomes: they followed a J-shaped curve with the lowest rates in patients with normal ABI (1.1≤ABI\<1.3) ([table 2](#T2){ref-type="table"}). Regarding macrovascular complications, the incidence of ischemic stroke doubled that of AMI; it was 7.7 (95% CI 7.0 to 8.6) and 4.1 (95% CI 3.6 to 4.7) per 1000 person-years, respectively, in the group with normal ABI (1.1≤ABI\<1.3). As for the microvascular complications, neuropathy presented the lowest incidence of 3.4 (95% CI 2.9 to 4.0) per 1000 person-years in the category with normal ABI; slightly higher was the incidence of retinopathy, and nephropathy had a markedly higher incidence: 24.4 (95% CI 22.9 to 25.9) per 1000 person-years in the above-mentioned category. In fact, the incidence of nephropathy was the highest of all outcomes, even higher than all-cause mortality, in all the ABI categories.

###### 

Events and incidence rate\* (95% CI) for diabetes mellitus complications and mortality by ABI categories

                                0.4≤ABI\<0.5   0.5≤ABI\<0.7          0.7≤ABI\<0.9   0.9≤ABI\<1.1          1.1≤ABI\<1.3   1.3≤ABI\<3                                                                            
  ----------------------------- -------------- --------------------- -------------- --------------------- -------------- --------------------- ------ --------------------- ------ --------------------- ----- ---------------------
  Cardiovascular                                                                                                                                                                                               
   AMI                          8              11.6 (5.8 to 23.1)    52             10.2 (7.8 to 13.4)    148            6.1 (5.2 to 7.1)      535    4.5 (4.1 to 4.9)      191    4.1 (3.6 to 4.7)      78    5.8 (4.7 to 7.3)
   Ischemic stroke              17             25.4 (15.8 to 40.9)   95             19.0 (15.6 to 23.3)   298            12.4 (11.1 to 13.9)   1036   8.8 (8.3 to 9.3)      356    7.7 (7.0 to 8.6)      148   11.2 (9.6 to 13.2)
   MCE†                         24             36.9 (24.8 to 55.1)   137            28.1 (23.7 to 33.2)   425            18.0 (16.3 to 19.8)   1516   13.0 (12.3 to 13.7)   532    11.7 (10.7 to 12.7)   212   16.3 (14.3 to 18.7)
   Mortality‡                   45             62.7 (46.8 to 83.9)   238            45.5 (40.1 to 51.7)   673            27.2 (25.2 to 29.3)   2383   19.7 (18.9 to 20.5)   725    15.4 (14.3 to 16.6)   395   29.1 (26.3 to 32.1)
  Microvascular complications                                                                                                                                                                                  
   Nephropathy                  37             68.9 (50.0 to 95.2)   216            50.8 (44.5 to 58.1)   733            34.2 (31.8 to 36.8)   2824   26.2 (25.3 to 27.2)   1034   24.4 (22.9 to 25.9)   360   30.5 (27.5 to 33.8)
   Retinopathy                  13             20.9 (12.1 to 36.0)   74             15.3 (12.2 to 19.2)   223            9.5 (8.3 to 10.8)     715    6.1 (5.7 to 6.6)      251    5.5 (4.9 to 6.2)      103   8.0 (6.6 to 9.6)
   Neuropathy                   3              4.3 (1.4 to 13.3)     56             11.2 (8.6 to 14.6)    155            6.4 (5.5 to 7.5)      414    3.5 (3.2 to 3.8)      159    3.4 (2.9 to 4.0)      67    5.1 (4.0 to 6.4)

\*Per 1000 person-years.

†A composite of AMI and ischemic stroke.

‡All-cause mortality.

ABI, ankle--brachial index; AMI, acute myocardial infarction; MCE, major cardiovascular event; n, number of participants.

A general J-shaped trend for all the studied outcomes was also observed regarding the HRs of the ABI categories ([figure 2](#F2){ref-type="fig"}). The reference category was the group with 1.1≤ABI\<1.3. The group with high ABI (≥1.3) was significantly associated with most outcomes and presented similar or lower HRs than the group with 0.7≤ABI\<0.9, depending on the outcome, whereas the groups with ABI\<0.7 had a significant and marked increment in the HRs that kept increasing steeply with the decrease of ABI.

![HRs for each outcome by ankle--brachial index categories. ABI, ankle--brachial index; AMI, acute myocardial infarction; MCE, major cardiovascular event; Ref., reference.](bmjdrc-2019-000977f02){#F2}

By outcome, the significance of the HRs for macrovascular complications of diabetes was similar in most ABI categories. Mortality was the only outcome with which the category of 0.9≤ABI\<1.1 presented a significant association. Regarding microvascular complications, two exceptions showed lack of significance, for the association of the 1.3≤ABI group with nephropathy (while it was significant for the rest of microvascular outcomes) and of the 0.4≤ABI\<0.5 group with neuropathy. [Online supplementary table S2](#SP1){ref-type="supplementary-material"} details the variables selected by Bayesian Information Criterion to optimize the adjustment of the Cox models for each outcome. [Online supplementary figure 1](#SP1){ref-type="supplementary-material"} shows the Kaplan-Meier curves for these models. The unadjusted HRs for each outcome are included in [figure 2](#F2){ref-type="fig"}.

The results of the analysis of complete cases were similar to those with the imputed dataset. These analyses comprised descriptions of the population by ABI categories ([online supplementary table S3](#SP1){ref-type="supplementary-material"}), incidence rates ([online supplementary table S4](#SP1){ref-type="supplementary-material"}), and HRs by ABI categories and for each outcome ([online supplementary figure S2](#SP1){ref-type="supplementary-material"}).

DISCUSSION {#s4}
==========

In longitudinal studies in patients with diabetes, graded low ABI has only been analyzed as a risk factor for mortality (all-cause mortality or cardiovascular mortality)[@R35]; to our knowledge, its relation with macrovascular and microvascular complications has not been previously addressed (even though the association of graded ABI with microvascular complications has been examined in cross-sectional studies).[@R38] We studied persons with diabetes mellitus, categorizing their ABI levels within ABI\<0.9 and including the contribution of high ABI. These ABI categories were associated with different incidence of mortality; macrovascular complications of diabetes: AMI, ischemic stroke, and a composite of these two; and microvascular complications: nephropathy, retinopathy, and neuropathy.

The relation of ABI with the occurrence of mortality and vascular complications of diabetes presented a J-shaped form. The risk of such outcomes was increased in the low ABI categories and kept increasing as the ABI diminished. These different incidences within the low ABI categories summon the consideration of specific recommendations for patients in each ABI level and different intensities of preventive measures. Thus, the binary division of persons between low ABI or not-low ABI may be insufficient to identify persons at different risks of future events.[@R41] The group with high ABI (≥1.3) also presented an increased risk of the outcomes, similar to that of the group with 0.7≤ABI\<0.9 for AMI, all-cause mortality, and retinopathy. In persons with diabetes, therefore, preventive recommendations in these two groups could be similar, although the incidence in persons with 0.7≤ABI\<0.9 was higher for ischemic stroke, nephropathy, and neuropathy.

Additional to the analysis of an array of ABI categories, the study population---with diabetes, no symptoms of PAD, and no previous cardiovascular disease---was another highlight in our report. Only two previous longitudinal analysis evaluated persons with asymptomatic PAD, like in our study, but they included persons at higher risk, for example, with previous coronary artery disease,[@R15] or with cerebrovascular disease[@R15]; furthermore, they did not specify subcategories within low ABI nor did they examine the effect of high ABI levels. The association of ABI with mortality and with macrovascular and microvascular complications of diabetes has not been previously analyzed in persons with diabetes, asymptomatic for PAD, and in primary prevention. This population is particularly important because they may be at the initial stages of the arterial damage (depending on their ABI category), and thus patient-tailored preventative measures could be implemented to avoid further arterial damage and MCEs.

The presence of high ABI values in patients with diabetes has been related to medial calcinosis[@R42] that coexists with occlusive PAD in 50% of cases.[@R42] Thus, patients with high ABI in our study likely suffered from various degrees of occlusive PAD additional to medial arterial calcification. The scarcity of hypothesis to explain the consequences of medial arterial calcification include myocardial remodelling, which could contribute to a chronic increase of the ventricular after-load.[@R44] This mechanism might be independent of the presence of occlusive PAD,[@R44] additional, or even synergistic with it in patients with diabetes.[@R26] Further studies to clarify the pathways through which high ABI could increase the risk of complications in patients with diabetes would be of interest.

Direct comparison of our findings with other reports was difficult due to the above-mentioned differences between populations, ABI definitions, and methods of analysis. Previous studies in patients with diabetes obtained higher estimates for mortality and cardiovascular events than our study. For all-cause mortality, HRs of 2.01--2.10 were observed in participants with low[@R15] and high ABIs[@R26]; for MCEs, an HR of 2.5 was estimated.[@R15] However, lower risk figures have also been reported in these patients (with diabetes). The HR for myocardial infarction was 1.88 in participants with ABI of \<1 from the Multi-Ethnic Study of Atherosclerosis, and 1.52 in participants from the Cardiovascular Health Study.[@R45] Likewise, lower estimates for ABI have been presented in the general population, with diabetes included in the adjustment: a relative risk of 1.38 in participants with ABI values of ≤0.9 for myocardial infarction and of 1.58 for all-cause mortality.[@R46] Finally, ABI values of\<0.6 were associated with an unadjusted HR of 1.24 in a model to predict mortality in persons with PAD and diabetes but did not enter the final model when adjusted for other predictors.[@R47] Our results regarding macrovascular outcomes would be within the lower range among the wide variety found in the literature.

As for the microvascular complications, Lee *et al* found a twofold risk of retinopathy in persons with altered ABI, defined as ABI values of \<0.9 or ≥1.3,[@R48] similar to the risk of neuropathy reported by Cardoso *et al*, and both being slightly higher than our results.[@R15] Cardoso *et al* did not find a relation of low ABI with retinopathy or renal outcomes,[@R15] whereas in our study, low ABI was significantly associated with all the microvascular outcomes.

Our results suggest that ABI assessment may be considered at the initial risk assessment of acute and chronic complications of diabetes mellitus to aid in decision-making aspects. For example, our population with no previous cardiovascular disease would be candidate for a consideration of more astringent HbA1c goals.[@R49] Within this population, the HbA1c goals could vary according to ABI levels.

The ABI could also orient on the blood pressure targets. For example, in persons with diabetes and hypertension, in primary prevention, and a 10-year risk of atherosclerotic cardiovascular disease (ASCVD) of \>15% a blood pressure target of \<130/80 mm Hg should be considered.[@R49] In our study, this corresponds to the groups with ABI values of 0.9 or lower. Similarly, high-intensity statin therapy, in addition to lifestyle therapy, is recommended in persons in primary prevention with a 10-year ASCVD risk of \>20%.[@R49] In our study, this corresponds to the groups with ABI values of 0.7 or lower. The risk indicated by ABI values could also help in decision-making concerning aspirin therapy as a primary prevention strategy, which may be considered in persons with diabetes at increased cardiovascular risk.[@R49]

Regarding renal complications of diabetes, the assessment of urinary albumin could be more frequent in persons with higher risk of this complication, indicated with ABI values. Further studies could even examine the benefit of agents acting on the renin-angiotensin system in patients with normal blood pressure, normal urinary albumin to creatinine ratio, and normal eGFR.

Finally, current recommendations suggest ABI assessment only in persons with symptoms of claudication or decreased pedal pulses in the context of foot care. However, up to 50% of diabetic peripheral neuropathy may be asymptomatic[@R50]; therefore, ABI assessment should be considered even in the absence of claudication or decreased pedal pulses. Moreover, foot exam frequency could be increased if ABI indicated a higher risk of neuropathy. However, we did not assess the incidence of foot ulcers in particular in our study, and not all cases of incident neuropathy would lead to foot ulcer. Further studies could examine how the ABI levels may affect the incidence of diabetic neuropathy distinguishing its subtypes.

Our findings support the screening with ABI in persons with diabetes, as recommended in the guidelines,[@R42] and add the usefulness of this index in itemizing the risk of mortality, and macrovascular and microvascular complications. These patients could be treated considering a personalized estimation of their risk and receiving accordingly adapted recommendations.

Study characteristics that merit consideration {#s4-1}
----------------------------------------------

The analyses of electronic medical records provide sound opportunities for research. SIDIAP^Q^ is a quality-ensured database that supplies a high number of participants that would be otherwise difficult to recruit. Moreover, the use of both ICD-10 and ICD-9 coding minimized the under-recording of predictors and outcomes, improving the accuracy of the risk models. The characteristics of the study population should be considered when extrapolating the results: we analyzed persons with an ABI measurement, asymptomatic for PAD with no previous cardiovascular disease. Heart failure was not an exclusion criterion, although most cases of heart failure in this population were likely ischemic and thus not eligible to enter the study. Further studies to specify preventive recommendations in patients with heart failure would be of interest. We acknowledge certain limitations. First, the observational nature of this retrospective cohort retains the possibility of residual confounding, but we selected all the available variables that could mask the relation of ABI categories with the outcomes as candidates for adjustment. Second, the presence of missing data could bias the results. We used chained equations to impute the missing values of the continuous variables.[@R30] Imputation was intended to avert the potential selection bias that may result from analyzing only records from participants with complete data.[@R51] Results from sensitivity analysis restricted to the complete-cases dataset were comparable to the imputed ([online supplementary tables 2 and 3](#SP1){ref-type="supplementary-material"} and [online supplementary figure 2](#SP1){ref-type="supplementary-material"}). Finally, further studies to analyze time-to-event would be of interest, although they would require another study design.

In conclusion, different ABI categories were associated with different risks of mortality, macrovascular, and microvascular complications in persons with diabetes, asymptomatic for PAD, and in primary prevention. This could help improve preventive interventions in these patients, differentiating each group according to the level of vascular impairment.
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